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ADVANCED DEVICE ASSEMBLY
STRUCTURES AND METHODS

BACKGROUND OF THE

INVENTION

Packaged microelectronic devices and related connection
components, such as interposers or the like, use various struc-
tures to facilitate attachment with other packaged microelec-
tronic devices or connection components to form various
microelectronic assemblies. Such structures can include con-
tact pads 1n the form of enlarged areas of a conductive metal
exposed at surfaces of the devices or components. Alterna-
tively, such structures can be in the form of exposed ends of
metalized vias, conductive pins, posts, or the like. When
aligned with similar connection features 1n another device or
component, the connection features can be joined together
using, for example, a conductive joining material, such as a
solder mass or the like. Solder masses, such as solder mass 1
shown 1n FIG. 1A are often used to form such joints because
they can be easy to join between structures due to their rela-
tively low melting temperature. Further, such conductive
joi1ming masses can be reworkable or reflowable, allowing
repair or adjustment of joints.

The use of such joining masses can have some deficiencies,
however, 1n particular such joints, when melted 1n order to
form joints between, for example, contact pads or the like, can
undergo lateral deformation. This can be exhibited 1n widen-
ing of the masses prior to cooling, resulting in joints that are
wider than the imtially-deposited masses. Further, such wid-
ening can increase during normal use of the microelectronic
assembly due to heating of the joints. As a result, as shown 1n
FIG. 1C, 1t 1s generally accepted that a minimum spacing P
between conductive connection elements, such as contact
pads 2 (FIG. 1B) or the like, 1s equal to 1.5 times a width W of
the conductive connection elements 2 themselves. Further,
because the widths of conductive joining masses, such as
those of solder or the like, are directly related to the heights
thereot (due to surface tension during forming, which takes
place 1 a liquid state), the higher a desired height of such a
joint, the greater the width. This relationship can necessitate
large contact pads 2 and large pitch P based solely on a desired
bond height.

The need for relatively larger contact pads 2 or other con-
nection features can result in increased dishing along bonding,
surfaces 3 of these features. In particular, when the surfaces of
microelectronic devices or connection components are fin-
ished by polishing (by chemical or mechanical means), the
connection features can develop a concavity. Such concavity
can be increased 1n relatively larger features. This dishing can
adversely affect bond strength and 1s generally not desirable.

BRIEF SUMMARY OF THE INVENTION

An aspect of the present disclosure relates to a microelec-
tronic assembly including a first substrate having a surface
and a first conductive element and a second substrate having
a surface and a second conductive element. The assembly
turther includes an electrically conductive alloy mass joined
to the first and second conductive elements. The conductive
alloy mass includes a first material, a second material, and a
third material. The first and second materials each have melt-
ing points that are lower than a melting point of the alloy. A
concentration of the first material varies 1n concentration
from a relatively higher amount at a location disposed toward
the first conductive element to a relatively lower amount
toward the second conductive element, and a concentration of
the second material varies 1n concentration from a relatively
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higher amount at a location disposed toward the second con-
ductive element to a relatively lower amount toward the first
conductive element. In an example, at least one of the first or
second substrates can be of at least one of a semiconductor
material or a dielectric material.

The alloy mass can have a thickness of less than 5 microns.
In a further example, the alloy mass has a thickness of less
than one micron. The concentration of at least one of the first
or second materials can vary monotonically from the rela-
tively higher concentration to the relatively lower concentra-
tion. The location of the relatively higher concentration of the
first material can be adjacent the first conductive element.

The third material can include at least one of copper, nickel,
bismuth, tungsten, cobalt, aluminum, tin, palladium, boron,
gold, or silver or an alloy of these materials and the like. Each
of the first and second materials can have a melting point of
less than 200° Celsius 1n a state unalloyed with the third
material. In a further example, at least one of the first and
second materials has a melting point of less than 50° C. 1n a
state unalloyed with the third material. The first and second
materials can be low melting point materials. For example,
the first and second maternals can include different materials
selected from tin, indium, and gallium.

In an example, the first conductive element can include a
bulk conductor mass with the conductive alloy mass overly-
ing the bulk conductor mass. A portion of the first material can
be diffused into the bulk conductor mass. In another example,
the first conductive element can further include a barrier layer
overlying the bulk conductor mass, and the conductive alloy
mass can be joined with the barrier layer.

The first substrate can include a first support material layer
of at least one of semiconductor or dielectric material. In such
an example, the support material layer can define the surface
of the first substrate, and the first conductive element can be a
metalized via extending through a portion of the first support
material layer and being exposed at the first surface. The first
conductive element can define an end surface and an edge
surface extending away from the end surface, and a portion of
the edge surface can contact the first support material layer
within the via. Further, a portion of the edge surface can
extend outside of the first support material. In such an
example, the second substrate can include a second support
material of at least one of a semiconductor or dielectric mate-
rial and defining the surface of the second element. The sec-
ond conductive element can also be metalized via extending
through a portion of the second support material layer and
being exposed at the surface, and at least a portion of the
conductive alloy mass can be disposed within the second
support material layer.

The first and second conductive elements can each have
widths of less than 25 microns at respective bonding inter-
taces with the conductive alloy mass. In a further example, the
first and second conductive elements can each have widths of
less than 3 microns at bonding intertaces with the conductive
alloy mass.

The first element can include a plurality of first conductive
clements, and the second element can include a plurality of
second conductive elements. In such an example, a plurality
of conductive alloy masses can be joined between respective
ones of the first conductive elements and the second conduc-
tive elements. IN a further example, the first conductive ele-
ments can each have a width, and the first conductive ele-
ments can be respectively spaced apart from each other in a
lateral direction at a pitch that is less than the width of the first
conductive elements.

The first conductive element can include a plurality of
capillary structures extending in a direction towards the sec-
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ond element, and the conductive alloy mass can surround and
be joined to at least some individual capillary structures of the
plurality of capillary structures.

The first element can include a substrate defining the sur-
face of the first element and extending 1n lateral directions,
and the first conductive element can be 1n the form of a post
extending away from the surface.

The first element can further include a microelectronic
clement electrically connected with the first conductive ele-
ment.

Another aspect of the present disclosure relates to a micro-
clectronic assembly that includes a first substrate defining a
surface and a second substrate defining a surface. The assem-
bly also 1ncludes an alloy mass joined to the surfaces of the
first and second elements. The alloy mass includes first, sec-
ond, and third materials. A concentration of the first material
varies concentration from a relatively higher amount at a
location disposed toward the first element to arelatively lower
amount toward the second element. A concentration of the
second material varies in concentration from a relatively
higher amount at a location disposed toward the second ele-
ment to a relatively lower amount toward the first element. A
melting point of the alloy mass 1s greater than a melting point
of the first material 1n an unalloyed state and greater than a
melting point of the second material in an unalloyed state.

In an example, the conductive alloy mass can surround an
internal volume defined between conironting portions of the
surfaces of the first and second elements. Further, the internal
volume 1s hermetically sealed.

In another example, the first and second elements can
respectively include first and second conductive elements that
define portions of the surface of the first and second elements
to which the conductive alloy masses are joined.

Another aspect of the present disclosure relates to amethod
for making a microelectronic assembly. The method includes
aligning a first bond component with a second bond compo-
nent such that the first and second bond components are in
contact with each other. The first bond component 1s included
in a first element having a substrate defining a surface and a
first conductive element exposed at the surface. The first bond
component includes a first material layer adjacent the first
conductive element and a first protective layer overlying the
first material layer. The second bond component 1s included
in a second element 1including a substrate defining a surface
and a second conductive element exposed at the surface. The
second bond component includes a second material layer
adjacent the second conductive element and a second protec-
tive layer overlying the first material layer. The method fur-
ther includes heating the first and second bond components
such that at least the first and second matenal layers diffuse
together to form an alloy mass joining the first and second
clements with one another.

The heating step can be carried out at a first temperature,
and the alloy mass can have a melting point at a second
temperature greater than the first temperature. The first and
second protective layers can diffuse together and with the first
and second material layers during the step of heating to fur-
ther form the alloy mass. The step of heating can be carried
out such that a temperature of the first and second bond
components reaches between 30° C. and 200° C. After the
step ol heating, the electrically conductive alloy mass can
have a melting point of between 200° C. and 800° C. In one
example, the melting point of the alloy mass 1s greater than
the melting points of either of the first or second material by
at least 30 deg. C.

The first material layer can include at least one material
component not present in the second material layer before the
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4

heating step. The first and second protective layers can be of
a similar composition. The first material layer and the second
material layer can be low melting point maternials. In an
example, the first and second low melting point materials can
be different materials selected from tin, indium, gallium,
and/or their respective alloys. The first protective layer can
include copper, and the second protective layer can include at
least one of copper, nickel, tungsten, cobalt, palladium,
boron, gold, silver, and/or their respective alloys.

The first conductive element can include a bulk conductor
layer and a seed layer that overlies the bulk conductor layer.
The first bond component can be joined to the seed layer. The
method can further include controlling a melting point of the
first material layer and the first protective layer, to which the
temperature thereof can be raised during the heating step, by
the thickness of the seed layer. The seed layer can include
copper. During the step of heating, the seed layer can also
diffuse with the first and second material layers. In a further
example, a portion of the first material layer can diffuse into
the bulk conductor layer during heating. The first conductive
clement can include a barrier layer between the bulk conduc-
tor layer and the seed layer. In such an example, the barrier
layer can prevent the first material from diffusing into the bulk
conductor layer during the heating step. The barrier layer can
include at least one of tantalum, tantalum nitride, molybde-
num, chromium-molybdenum, nickel, phosphorous, tung-
sten, cobalt, palladium, titantum nitride, nickel phosphorus,
cobalt phosphorus, titanium tungsten, nickel tungsten or
combinations thereof.

The first substrate can be a first support material layer
defining the surface of the first element, and the first conduc-
tive element can be a metalized via extending through a
portion of the first support material layer. In such an example,
the method can further include forming the first bond com-
ponent over the metalized via by depositing the first material
layer within an opening of a resist layer that overlies the
surface of the first element, the opening being aligned with
the metalized via. The step of forming the first bond compo-
nent can further include depositing the first protective layer
within the resist layer opening.

A seed layer can be positioned between the surface of the
first element and the resist layer prior to depositing the first
maternal layer within the opening and can further overlie the
end surface of the metalized via. Further, the first material
layer can be deposited over the seed layer within the opening,
and the method can further include removing the resist layer
and portions of the seed layer that are uncovered by the first
material layer.

The first substrate can be a first support material layer
defining the surface of the first element, and the first conduc-
tive element can be within an opening within the first support
material layer. In such an example, an end surface of the first
conductive element and the first bond component can be
recessed within the opening, and the step of aligning the first
bond component with the second bond component can
include positioning the second bond component within the
opening of the first support material layer. In a further
example, the end surface of the first conductive element and
the first bond component can be recessed within the hole such
that an outer surface of the first protective layer 1s substan-

1ally co-planar with the surface of the first support material
layer.

Another aspect ol the present disclosure relates to amethod
for making a microelectronic assembly. The method includes
aligning a first bond component exposed at a surface of a first
clement with a second bond component exposed at a surface
of a second element such that the first and second bond
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components are in contact with each other. Each of the first
and second elements includes a substrate, and the first bond
component includes a first material layer and a first protective
layer overlying the first material layer. The second bond com-
ponent includes a second material layer and a second protec-
tive layer overlying the second material layer. The method
turther includes heating the first and second bond compo-
nents such that at least the first and second material layers
diffuse together to form an alloy mass joining the first and
second elements with one another. The alloy mass has a
melting point higher than melting points of the first and sec-
ond material layers prior to heating. The first and second
protective layers can diffuse together and with the first and
second material layers during the step of heating to further
form the alloy mass.

The first bond component can surround an area of the
surface of the first element, and the second bond component
can surround an area of the surface of the second element. In
such an example, aligning the first bond component with the
second bond component can define a volume within the first
bond component, the second bond component, and the sur-
rounded portions of the surfaces of the first and second ele-
ments. Further, the step of heating can causes the internal
volume to become hermetically sealed by the conductive
alloy mass.

The first and second elements can respectively include first
and second conductive elements that define portions of the
surtace of the first and second elements to which the bond

components are joined, and the step of heating can join the
alloy mass between the first and second conductive elements.

BRIEF DESCRIPTION OF THE DRAWINGS

Various embodiments of the present invention will be now
described with reference to the appended drawings. It is
appreciated that these drawings depict only some embodi-
ments of the invention and are therefore not to be considered
limiting of 1ts scope.

FIGS. 1A-1C show various structures 1n art related to the
present disclosure;

FIG. 2 shows elements including corresponding bond por-
tions prior to joint formation 1 a method according to an
aspect of the present disclosure;

FIG. 3 shows an alloy mass joining the elements of FIG. 2
according to an aspect of the present disclosure;

FIG. 4 shows exemplary concentration levels throughout
the height of an alloy joiming mass;

FIG. 5 shows an element including a plurality of conduc-
tive elements and related alloy masses according to another
aspect of the present disclosure;

FIGS. 6 and 7 show bond components that can be used to
form an alloy mass according to a method of the present
disclosure:

FIGS. 8 and 9 show further steps in the alloy mass forma-
tion method;

FIGS. 10-15 show an element during various stages of a
method for making bond components according to an aspect
of the disclosure;

FI1G. 16 shows an assembly according to another aspect of
the disclosure having alloy masses joining surfaces of adja-
cent substrates and conductive elements within each of the
substrates;

FI1G. 17 shows an assembly according to another aspect of
the disclosure wherein bond portions can be used to form an
alloy mass joining a recessed conductive element with a pro-
jecting conductive element;
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FIGS. 18 and 19 show assemblies according to further
aspects of the disclosure that include combinations of the
features of FIGS. 16 and 17;

FIGS. 20-24 show structures that can use bond components
such as those discussed above with varying relationships
between surfaces, conductive elements, and the bond compo-
nents; and

FIG. 25 shows a bond component over a conductive ele-
ment with reimnforcing structures therein.

DETAILED DESCRIPTION

Turning to the Figures, wherein similar numeric references
are used 1n connection with similar features, FIG. 3 shows a
microelectronic assembly 10 according to an aspect of the
present disclosure. Assembly 10 includes first and second
clements joined together by an alloy mass 16. In FIG. 3,
which shows alloy mass 16 joining the elements of FI1G. 2, the
first and second elements are shown as portions of microelec-
tronic devices, which can be 1n the form of packaged micro-
clectronic elements, interposers, substrates, or the like. For
example, first and second elements 12 and 14 are shown 1n
FIGS. 2-33 as including a support material layer 18 that can,
for example be of a semiconductor or a dielectric material
layer such as found 1n an interposer structure, 1n a portion of
a packaged microelectronic element, or in a portion of a
semiconductor die. In an example, support material layer 18
can ol one of a semiconductor material, or of a dielectric
material, or of a combination of semiconductor and dielectric
materials, such as in the example shown in FIGS. 2-3,
wherein support material layer 18 includes a semiconductor
layer 19 with a dielectric layer 20 overlying the semiconduc-
tor layer 19. In such an example, dielectric layer 20 can be
used to 1nsulate routing or other conductive features formed
on the surface 28 of support material layer 18.

First and second elements 12, and 14 can include conduc-
tive elements, which can be traces, pads, posts, or the like. In
the example shown in FIGS. 2-3, the conductive elements are
metalized vias 22 that include a bulk conductive mass 26
within an opening 23 in support material layer 18 that 1s open
to at least surface 28. In various examples, the opening 48 can
be a blind opening that terminates within the support material
layer 18. In other examples, the opening 48 can be a through
opening that extends completely through support material
layer 18. Further, 1n examples where support material layer
18 includes a semiconductor material, an insulating layer can
be included within opening 48 between the bulk conductor
layer 26 and the support material layer 18. The metalized vias
22 can be structured such that the end surfaces 54 of vias 22
are exposed at surface 28 of support maternial layer 18. As used
in this disclosure with reference to a substrate, a statement
that an electrically conductive element 1s “exposed at” a sur-
face of a substrate indicates that, when the substrate 1s not
assembled with any other element, the electrically conductive
clement 1s available for contact with a theoretical point mov-
ing 1n a direction perpendicular to the surface of the substrate
toward the surface of the substrate from outside the substrate.
Thus, a terminal or other conductive element which 1s at a
surface of a substrate may project from such surface; may be
flush with such surface; or may be recessed relative to such
surface 1n a hole or depression 1n the substrate.

For example, end surface 54 can be flush with surface 28, or
recessed below surface 28. In another example the end sur-
tace 54 of the metalized via 22 can be positioned outside of
surface 28 such that the edge surface 356 1s also exposed at
surface 28 of support material layer.
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As stated above, alloy mass 16 can be positioned between
first element 12 and second element 14 to join packages 12
and 14 together. In the example shown in FIG. 3, alloy mass
16 1s joined between confronting end surfaces 54 of metalized
vias 22. In such an example, alloy mass 16 can be conductive
such that the vias 22 are both mechanically and electrically
joined together such that an electronic signal or the like can be
transmitted from the first element 12 to the second element
14. This type of joining using alloy mass 16 can be used to
connect a first element 12 in the form of, for example, a
packaged microelectronic element to a second element 14 in
the form of an interposer or the like that can further be elec-
trically connected to a printed circuit board (“PCB”) or the
like for use 1n an electronic device or as part of an electronic
system. In various examples, alloy mass 16 can have a height
H of between about 1000 Angstroms to about 2000 Ang-
stroms, although greater or lesser heights are also possible,
depending on the configuration.

Alloy mass 16 can include at least three materials that vary
in their respective concentrations throughout the structure of
an individual alloy mass 16. As shown i FIG. 4, 1n an
example, alloy mass 16 can include gallium (Ga), copper
(Cu), and indium (In), and the concentrations of these mate-
rials within the alloy material as a whole, can vary throughout
the structure of alloy mass 16 at least in a direction between
first element 12 and second element 14. As depicted in the
chart of FIG. 4, gallium can be present 1n an amount that
varies with the distance from first element 12 with a peak
concentration level 70 disposed toward element 12. In the
particular example shown 1n the chart of FIG. 4, the peak
concentration level 70 of gallium within alloy mass 16 can be
located at the point of attachment between alloy mass 16 and
via 22 of first element 12.

The concentration levels of all materials shown in FIG. 4
are exemplary and can be influenced, for example, by the
structure of the elements 12 and 14 to which alloy mass 16 1s
connected. By way of illustration, the example assembly 10
shown 1 FIG. 4 includes vias 22 that both include barrier
layers 32 between the bulk conductor layer 26 and alloy mass
16. The presence of barrier layers 32 can prevent any of the
materials present i alloy mass 16 from diffusing into or
otherwise becoming present within the bulk conductor layers
26. Accordingly, structures having no barrier layer may have
different concentration levels at various locations throughout
alloy mass 16, including around the bonding interface
between bulk conductor layer 26 and alloy mass 16. Even in
such an example, however, the peak concentration level of
gallium may be located within or at the bonding interface
between the alloy mass 16 and the bulk conductor layer 26.

Similarly, the concentration of indium within alloy mass 16
can be at a peak level 74 at a location generally disposed
toward second element 14. Further, as discussed with respect
to the concentration of gallium, above, the concentration pro-
file of indium can deviate from that depicted 1in FIG. 4. For
example, the concentration of Indium 1n the alloy may peak at
a point closer to the first element 12. The profile may depend
on various lactors, including processing temperatures, pro-
cessing time, initial concentration profile, other processing
conditions or depending on various structural factors of the
assembly 10, such as the presence or absence of a barrier
layer, as discussed above. Further, the materials included 1n
alloy mass 16 can vary. For example, alloy mass can include
a first material, that can be a low melting-point (“LMP”)
material such as gallium, as discussed above. In general, such
a LMP material has a melting point lower than about 250° C.
and can include gallium, tin, indium, or the like. In some
examples, such as that of FIG. 4, where the alloy mass 16 1s
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joimed between conductive vias, 1t may be preferable for the
first material to be a conductive material.

Alloy mass 16 includes a second material that 1s also a
LMP maternial, which may also be a conductive matenal, and
can be selected from any of the above-listed LMP materials.
In some examples, it may be preferable for the first and
second materials to be different LMP materials, such as dis-
cussed above, where the first material 1s gallium, and the
second material 1s indium. As discussed above, alloy mass 16
can 1nclude a third material, such as copper 1n the example of
FI1G. 4. The third material can be a non-LMP material, such as
one with a melting point of greater than about 160° C. In some
examples, the third material can have a melting point of
greater than 300° C. As with the first and second materials, the
third material can be a conductive material, especially when
used to join other conductive features together.

When the three materials are diffused together, suchasin a
manner similar to that i1llustrated in FIG. 4, the alloy mass 16
may have a melting point that 1s greater than either of the two
LMP materials found therein. Further, the melting point of the
alloy mass 16 can be less than 300° C. along at least a portion
thereof such that the joint formed between the first and second
clements 12 and 14 by alloy mass 16 can be at least partially
“reworkable”. In an example, 1n a reworkable joint, alloy
mass 16 can be at least partially retflowed by heating to a
temperature of less than 300° C. such that at least a portion of
alloy mass 16 melts, allowing the position of elements 12 and
14 relative to each other to be at least partially adjusted or
turther allowing elements 12 and 14 to be detached from each
other.

As shown in the chart of FIG. 4, depending on the nature of
a specific LMP maternial layer used, the LMP material may
migrate away from a surface, such as end surface 54 of via 22,
during the formation of the alloy mass 16. Accordingly, the
peak concentration level of indium 74 1s shown as being
spaced away from the corresponding surface 34 of element 14
with an increased level of copper therebelow. It 1s noted that
in some examples, the peak concentration of indium may tend
to invert with the peak concentration of galllum. An increased
thickness of the protective layer 48 associated therewith can
reduce the migration of indium or similar materials and can
prevent such nversion.

When the positions of the concentration peaks for the first
and second materials are described as being “disposed”
toward either one of the first or second elements 12 or 14, such
a peak can be closer to the element 12 or 14 to which it 1s
described as being disposed toward. For example, wherein
the concentration peak 70 of gallium 1n FIG. 4 1s described as
being disposed toward the first element 12, 1t can mean that
the peak 70 1s closer to the first element 12 than the second
clement 14. Further, 1n such a convention, where the peak
concentration 74 of the second material, for example indium
as 1llustrated 1n FIG. 4, 1s described as being disposed toward
second element 14, 1t can mean that such a peak 74 1s closer
to second element 14 than it 1s to first element 14. Alterna-
tively, being disposed toward one or the other of the elements
12 or 14 can mean that such a peak 1s closer to such an element
12 or 14 compared to the peak concentration of the other
materials. For example, the peak concentration 70 of galllum
can be considered as disposed toward first element 12 1n the
example of FI1G. 4, because 1t1s closer to first element than the
peak concentration 74 of indium, and vice-versa.

Alternatively, whether a peak concentration of a material 1s
disposed toward an element 12 or 14 can be determined by
whether such a peak concentration 1s within a certain distance
from the element, such as a percentage distance of the entire
height of alloy mass 16. For example, the peak concentration
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70 of galllum can be considered as disposed toward first
clement 12 because 1t 1s within a distance of first element 12
that 1s less than 50% of the distance between first element 12
and second element 14 (or the distance between the end
surtaces 54 of the vias 22 of first element 12 and second
clement 14, respectively). In further examples, such a per-
centage distance can be less than 25%, or less than 10% of the
total distance between elements 12 and 14.

As further shown 1n FIG. 4, the third, or non-LLMP material
can also have a peak concentration, such as the peak concen-
tration 72 of copper shown 1n the graph of FIG. 4. As illus-
trated, the peak concentration 72 of the non-LMP material
can be positioned between the peak concentrations 70 and 74
of the first and second LMP materials (gallium and indium,
respectively 1n the example of FIG. 4). Accordingly, when
determining which element 12 or 14 a peak concentration 70
or 74 of a LMP matenal 1s disposed toward 1n relative terms,
such a peak concentration 70 or 74 can be closer to such an
clement 12 or 14 than both the peak concentration 74 or 70 of
the other LMP material and the peak concentration 72 of the
non-LMP matenal.

The distribution and relative concentrations of materials
within the alloy mass 16 can be intfluenced by the method by
which alloy mass 16 1s formed between elements 12 and 14.
A method for making an alloy mass 16 joined between and
electrically connecting confronting end surface 54 of metal-
1zed vias 22 1n a first element 12 and a second element 14 1s
shown 1n FIGS. 6-9, 1n accordance with an aspect of the
present disclosure. In FIG. 6, a portion of a first element 1s
shown having a metalized via 22 at least partially through a
support layer 18 and exposed at a surface 28 thereof. A barrier
layer 32 overlies a bulk conductor 26 within via and, 1n this
example, defines the end surface 54 of the metalized via 22.
As discussed above, the metalized via 22 can be without a
barrier layer such that the end surface 54 1s defined by the bulk
conductor 26. The bulk conductor can be of a conductive
metal such as copper, nickel, tungsten, or various alloys
including these or other suitable materials. The barrier layer
32, if present, can be of a material such as tantalum nitride
(TaN), molybdenum, molybdenum-chromium, or the like. A
seed layer 34 can optionally be formed over barrier layer
and/or the bulk conductor 26. The seed layer can be used to
facilitate formation of additional layers over a barrier layer
32, for example, or over bulk conductors 26 of certain mate-
rials. The seed layer can also be used 1n contributing to vari-
ous characteristics of the alloy mass 16 formed 1n this or a
similar method, as discussed below. In other instances, such
as when bulk conductor 26 1s of copper and no barrier layer 1s
present, a seed layer 34 may not be needed. Seed layer 34, i
present, can be of copper or a similar conductive metal, and
can be selected according to criteria discussed below.

A first LMP material layer 36 overlies at least the bulk
conductor 26 with barrier layer 32 and/or seed layer 34, as
discussed above, optionally positioned between bulk conduc-
tor 26 and the first LMP material layer 36. The LMP matenal
layer 36 can include any of the LMP matenals listed above.
LMP layer 36 can include a single LMP material, such as
gallium, as i the example described above with respect to
FIG. 4, or in combination with another metal such as copper
or the like. For example, LMP layer can be a single layer of
gallium, a single layer of a gallium-copper alloy, a single
layer of a indium-gallium-copper alloy, or a structure having
multiple sublayers of gallium and copper, or one or more
sublayers of gallium, copper, and indium or the like 1n a
predetermined configuration to give LMP material layer 36 a
desired overall percentage of the LMP material 36 that can
also create a graded concentration level of the LMP material
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throughout the height of the layer 36. As such LMP material
layer may not itself have a “low” melting point, as defined
elsewhere herein, but can contain a desired amount of one of
the LMP materials discussed herein.

A first protective layer 38 can overlie the first LMP material
layer 36 and can include a similar material to that of bulk
conductor 26, seed layer 34, or any non LMP material
included i LMP matenal layer 36. In other examples, a
selentum flash layer can be used for protective layer 38. The
protective layer 38 can provide protection for the LMP mate-
rial layer 34 against oxidation or the like or against damage
during handling of element 12, for example. Protective layer
can also provide at least a portion of a source of the non-LMP
material within the finished alloy mass 16, as discussed above
with respect to FI1G. 4. The thickness of protective layer 38, in
particular the relative thickness with respect to LMP material
layer and/or seed layer 34 can influence behavior of the bond
portion 30 during subsequent steps of the alloy mass 16
formation, as discussed below. In an example, protective
layer 38 can have a thickness of about 200 Angstroms,
although thicker or thinner protective layers can be used,
depending on, for example, the criteria discussed above. The
various layers of first bond portion 30 or any other similar
bond portions can be formed using electroplating, electroless
plating, evaporation, chemical vapor deposition (“CVD”) or
the like.

As with first bond portion 30, a second bond portion 40 can
be joined to or otherwise connected with second element 14.
In the example shown 1n FIG. 7, second bond portion 40
overlies an end surface 54 of a metalized via 22 through at
least a portion of support maternal layer 18 of second element
14. Similar to first bond portion 30, second bond portion 40
can optionally include a seed 44 layer that can overlie the bulk
conductor 25 of via 22, and via 22 can optionally include a
barrier layer 42 between seed layer 44 and bulk conductor 26.
The barnier layer 42 and seed layer 44 can be of a similar
construction and of similar compositions to those discussed
above with the barrier layer 32 and seed layer 34 discussed
above with respect to FIG. 6.

Second bond portion 40 further includes a LMP material
layer 46 overlying via 22 of second element 14 and further
overlying barrier layer 42 and seed layer 44, when present 1n
the structure. LMP matenal layer 46 can include one of the
LMP materials discussed above with respectto F1G. 4 and can
further include a different LMP material than LMP material
layer 36. For example, as illustrated in FIG. 4, LMP material
layer 46 can include indium. Further, LMP matenal layer 46
can include additional materials, such as a conductive metal
such as copper or the like. Any additional non-LMP material
within LMP matenal layer 46 can be mixed with the LMP
material 1n the form of an alloy or can be included 1n a number
of sublayers to LMP material layer 46 that can be configured
to provide a desired concentration of materials within layer 46
and/or to provide a desired gradation of materials through a
thickness of layer 46, as discussed above.

As shown in FIG. 8, first element 12 and second element 14
can be positioned such that the respective surfaces 29 con-
front each other and such that first bond portion 30 1s aligned
with second bond portion 40 and are 1n contact with each
other along the protective layers 38 and 48 thereol. At least
bond portions 30 and 40 can then be heated to a predeter-
mined temperature to cause the LMP materials within the
respective LMP material layers 36 and 46 to melt and to
consume the non-LMP materials found in any one of the
protective layers 38 and 48, the seed layers 34 and 44, or
within the LMP material layers 36 and 46 themselves. During
such heating, the alloy mass 16 can form as the consumed
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non-LMP materials become solid particles suspended n a
liquid phase of the LMP materials and as the liquid LMP
materials mix together. Such a mixture will have a corre-
sponding melting point for the mixture as a whole that waill
vary according to the percentages (by weight or by atomic
mass ) ol the components thereot, at which point the non-LMP
material will also melt into the mixture and the entire system
will be 1n the liguid phase. Similarly, a LMP material, such as
gallium, with a lower melting point that another LMP mate-
rial, such as indium, can consume the other LMP material at
a temperature above 1ts melting point (30° C. 1n the example
of gallium) but below the other LMP material’s melting point
(about 156° C. for indium).

In some variations of bond portions 30 and 40 a protective
layer 38 or 48 may not be needed. For example, 1n vanations
ol bond portions 30 and 40 wherein the LMP material layer 36
includes a plurality of plated layers in a pattern of LMP
materials and non-LMP materials, the uppermost of such
layers can be of a protective, non-LMP material, such as
copper. In other variations, the composition of the LMP mate-
rial layers 35 or 46 can be graded alloy structures with at least
enough of a protective material near an upper portion thereof
to negate the need for a separate protective layer 38 or 48. In
this and possibly 1n other variations (such as those wherein
the protective layer 1s a volatile material that evaporates dur-
ing heating), the materials of LMP material layer would not
diffuse with any protective layer materials. In other instance,
a protective layer may not be necessary, such as when the first
and second elements 12 and 14 are formed and assembled 1n
an environment with a low level of oxygen or are formed and
assembled together before oxidization can take place.

Further, the amount of non-LLMP material that can be con-
sumed by the liquid LMP material varies with the temperature
of the system. That 1s, the temperature required for consump-
tion of the non-LMP material within such a system increases
as the amount of non-LMP maternial increases. Accordingly,
the ratio of LMP material to non-LMP material within the
bond portions 30 and 40 increases, the temperature required
for consumption of the protective layers 36 and 46 increases,
which accordingly increases the temperature required for the
separate materials and components of the bond portions 30
and 40 to become adequately mixed to form alloy mass 16
that 1s joined to both first element 12 and second element 14.
As shown 1n the exemplary diagram of FIG. 4, the mixture
does not need to be homogeneous to achieve alloy mass 16
formation, but at least all of the protective layers 38 and 48
should be consumed. In some examples the alloy mass 16 can
be adequately formed after between 10 and 30 minutes of
exposure to the proscribed temperature. This can allow the
materials within the alloy mass 16 to be mixed enough so that
when cooled, the first and second elements will be jomed
together and, 1n the case of the assembly 10 of FIG. 9, the vias
22 of the respective elements 12 and 14 are electrically con-
nected together.

Because the temperature needed for alloy mass 16 forma-
tion increases with the amount of non-LMP material included
within the bond portions 30 and 40, this temperature, which
can be referred to as the “bonding temperature” can be con-
trolled by the thicknesses of the protective layers 38 and 48
and any seed layers, such as seed layers 34 and 44, present 1n
the bond portions 30 and 40. By selecting various materials
from those listed above and by adjusting the relative quanti-
ties of the various LMP materials and the non-LMP materials
within the bond portions 30 and 40, welding temperatures can
be achieved within the range of 30° C. to 150° C. In the
example discussed with respect to FIGS. 6-9, wherein the first
LMP material layer 36 includes indium, the second LMP
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matenal layer includes gallium, and the seed layers 34 and 44
as well as the protective layers 38 and 44 are copper, the
starting thickness of the seed layer may be 30-600 nm, the
starting thickness of first matenial layer of gallium may be
100-500 nm, and the starting thickness of the protective layer
may be 10-100 nm. Similar thicknesses could be used for the
second bond portion 40. In vaniations of the bond portions 30
and 40 that include a non-LMP material within LMP material
layer 36 or 46, the proportion of such a non-LMP material to
the LMP material can also influence the bonding temperature
of the bond portions 30 and 40.

The diffusion of the materials from the various layers of the

bond portions 30 and 40 together into alloy mass results 1n a
structure with a higher melting point than that of the LMP
maternals 1included therein, such as gallium and indium, as
used 1n the example above. Further, once alloy mass 16 cools
and solidifies, the subsequent melting point thereof can be
higher than the welding temperature that was used in forma-
tion thereof. Various combinations of the materials listed
above for the layers within the bond portions 30 and 40 can
result in bond portions 30 and 40 with welding temperatures
in the ranges given above that can form alloy masses 16 with
melting temperatures also in the ranges given above. The
particular welding temperatures of the bond portions and
melting temperatures of the resulting alloy masses 16 can be
controlled or influenced by adjusting the relative proportions
ol the components of the bond portions 30 and 40 as discussed
above. In other words, the non-I.MP material can be selected
to 1ncrease the melting point of an alloy including the non-
LMP material and at least one other LMP matenal.
The selective composition of bond portions 30 and 40 can
be designed to control the approximate welding temperatures
thereol and the melting temperature of the resulting alloy
mass 16 according to various criteria. For example, 1t may be
desired to form alloy masses 16 that are reworkable at tem-
peratures that can be reached without causing damage to
other portions of the associated elements (such as elements 12
or 14) or even without causing other bonds within the same
package 10 or the like to themselves become reworkable.
Such criteria can be achieved with a relatively higher LMP
material to non-LMP material composition. Similarly, 1t may
be desired for some bond portions that are used to form alloy
masses to have a low welding temperature so that they can be
melted and joined together without causing already-formed
joints or bonds to reflow or become damaged. On the other
hand, 1t may be desired for some alloy masses 16 that are used
to join elements together to have a relatively higher melting
temperature so that they are more resistant to higher tempera-
ture applications or will not themselves reflow during the
creation of subsequent alloy masses 16 or other joints 1n an
assembly. Bond portions 30 and 40 can be made according to
the above criteria to achieve these characteristics and to
achieve such characteristics 1n alloy masses 16 that they are
used to form.

As discussed above, such alloy masses 16 can be used to
jo1n elements having a number of different microelectronic
applications at various features thereof. In the example dis-
cussed above, alloy mass 16 1s used to electrically and
mechanically join conductive vias 22 1n an element that can
be an interposer, a microelectronic die, a packaged microelec-
tronic element, or the like. While only a single alloy mass 16
1s shown connected to corresponding metalized via 22 1n each
of the first element 12 and the second element 14, such an
assembly 10 can include a plurality of metalized vias 22 1n
cach of the first element and the second element with corre-
sponding alloy masses 16 attached between respective ones
of the plurality of vias 22. Such vias can be arranged 1n any
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number of configurations used in microelectronic assemblies
or packaged microelectronic devices, such as 1n an array of
rows and columns of vias 22 spaced apart 1n, for example a
mimmum pitch or the like. Other features 1n similar arrays
can be joined using alloy masses of the type discussed herein,
such as contact pads connected with one or more other elec-
trically conductive features such as traces or the like or con-
ductive pins or posts that can overlie and electrically connect
with contact pads or the like.

In other applications, such features can be joined with
masses of solder or other joining metals, which require a
mimmum pitch among the joined features of at least 1.5 times
the width of that feature, as depicted in FIG. 1C. As 1llustrated
in FIG. 5, bond portions 30 and 40 of the above description
can be used to join conductive features by formation of an
alloy mass 16 i applications where the conductive features
are 1n an array with a minimum pitch P that i1s less than the
width of the conductive features themselves. Further, in
assemblies with joints between conductive features formed
with masses of conductive joining material, such a solder, the
bond height or spacing between elements can be directly
related to the width needed for such conductive features. That
1s, greater widths of the conductive features are necessitated
by greater bond height. In structures using the presently-
described alloy masses 16 for joining of conductive features,
such features can have widths W of less than 6 um, and 1n
some cases, less than 3 um, at bond heights greater than, for
example 6 um, although greater widths are possible. The use
of conductive features with decreased widths at their respec-
tive bonding interfaces can also result in structures that can be
more reliably made with less dishing at the interface surfaces
of the conductive features. As shown in FI1G. 1B, large contact
pads 2 used 1n connection with other joining structures can
exhibit dishing (or the formation of a convexity) along surface
3 due to polishing or other steps 1n the formation of such
clements. This can result 1n decreased joint reliability, either
during manufacture or use of such elements.

Bond portions 30 and 40 of the type discussed above in
previous examples can be formed on conductive features by a
method 1llustrated 1n FIGS. 10-15. In this specific example,
bond portions 30 and 40 are shown as being formed over end
surfaces 54 of conductive vias 22 at least partially through a
support structure 18. Such elements can be made by forming
holes 1n a semiconductor or dielectric layer, coating such
holes, if necessary, and by depositing a conductive metal
therein. Such holes can be blind and can originate through a
surface opposite surface 28. In such a method, the semicon-
ductor layer 19 can be back ground and etched to expose the
ends of the vias before depositing a dielectric layer 20 over a
semiconductor layer 19, which can be polished to expose the
end surfaces 34 of the metalized vias 22 to achieve the struc-
ture shown FIG. 10. Although only a single via 22 1s shown in
the package of FIG. 10, multiple vias can be simultaneously
formed 1n a package using a similar method. Other methods
of via formation can also be used.

As shown 1n FIG. 11, if a barner layer 32,42 and/or seed
layer 34,44 are desired, layers 32' and 34' of the material
desired for such layers can be deposited over surface 28 of
clement 12. A resistlayer 52 can be positioned over surface 28
and over any bond material layer 32' or seed material layer 34'
present on element 12 and openings 50 can be formed or
otherwise present 1n the resist layer 52 that overlie the vias 22
or any other locations where bond portions 30 are desired.
The LMP material layer 36, according to any of the compo-
sitions discussed above, can be deposited within opening 50,
and then the protective layer 38 can be deposited over LMP
material layer 36. The resist layer 52 can then be removed
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leaving the desired number of bond portions 30 on element 12
in the desired locations. Subsequently, the portions of the
bond material layer 32" and seed material layer 34' outside of
the LMP material layer 36 can be stripped away. A similar
method can be used to make bond portions 40 on element 14,
as shown 1n FIG. 15. The elements 12 and 14 can then be
aligned and heated to make alloy masses 16, as described
above. Similar methods can be used to make similar bond
portions on other conductive features, such as pads, posts, or
the like.

Bond portions of the type discussed above to create alloy
masses for bonding elements together can be used 1n varia-
tions of the elements discussed above, such as that shown 1n
FIG. 16, wherein additional alloy masses 116 are used to join
support material layers 118 of packages 112 and 114 together
at portions of surtface 28 that do not include conductive fea-
tures. As shown, some alloy masses 116 can be used in the
same package to join conductive elements, such as metalized
vias 122, although in some applications, alloy masses 116 can
be used to join elements 112 and 114 along surface 128 only.
The alloy masses 116 joined to surface 128 can be made by
the same method described above by including openings 350
within the resist layer 52 that do not overlie any conductive
features. In a further variation of that shown in FIG. 16, the
alloy masses 116 can extend 1n one or more lateral directions
along surfaces 128 such that the alloy masses 116 can define,
along with confronting portions of surfaces 128, an internal
volume. In some applications, a single, continuous alloy mass
116 of this type can completely enclose such an internal
volume and, 1n a further example, hermetically seal such a
volume.

As shown 1n FIG. 17, bond portions 230 and 240 similar to
those described elsewhere above can overlie conductive vias
222 or other features that are recessed 1n one element 212 and
project above surface 228 in the other element 214. In a
variation, via 222 of package 212 can be flush with surface
228 and only bond portion 230 can project above surface 228,
depending on the depth with which bond portion 240 is
recessed within the opening associated with via 222. In either
form, such an arrangement can result 1n bond portions 230
and 240 that are self-aligning during assembly. Once the bond
portions 230 and 240 are aligned, they can be fused, as dis-
cussed above to make alloy mass or alloy masses that joint the
clements 212 and 214 together. Further variations of such an
assembly are shown 1n FIGS. 18 and 19, 1n which the assem-
bly 310 of FIG. 18 includes projecting and recessed vias 22,
as 1n the example of FIG. 17 along with the surface bonded
bond portions 330 and 304 described with respect to FI1G. 16.
As shown 1 FIG. 19, such bond portions 430 and 440 can
further be used 1n an assembly 410 including an edge chip
structure 462.

Additionally, as shown 1n FIGS. 20-23, various different
configurations for conductive features and related bond por-
tions are possible within the framework discussed above,
examples of which are shown 1 FIGS. 20-24. As shown 1n
FI1G. 20, the end surface 524 of via 522 can be recessed below
surface 528 such that the LMP material layer 536 or 546 can
also be positioned below surface 528 with protective layer
538 or 548 being aligned with or flush with surface 528. In the
example, of FI1G. 21, only a portion of LMP material layer 636
or 646 can be positioned beneath surface 529, with the
remainder projecting thereabove such that protective layer
538 or 548 1s positioned above surface 528. FIG. 22 shows a
variation of a bond portion 730 or 740 that can be tapered
along a portion of LMP material layer 736 or 746 such that
protective layer 738 or 748 includes an apex 739 along a
portion thereot. FI1G. 23 shows a variation wherein a portion
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of the bulk conductor 826 projects above surface 828 with
bond portion 830 or 840 formed thereon and spaced above
surface 828. Such a structure can be used to provide greater
spacing between elements or to create self-aligning features,
as discussed above with respect to FIG. 17. In a further
alternative example, FI1G. 24 shows a bond portion 930 on a
conductive post 962. Such a structure can be used to connect
with another bond portion joined to a conductive pad, another
post, or the like.

As shown 1n FIG. 25, either or both bond portions of the
type discussed herein can include a reinforcing structure to
help the bond portion retain i1ts shape during welding or
reflow, as discussed above. In example, a bond portion 1030
1s shown on a bulk conductor of a conductive via 1022 1n FIG.
25. A plurality of capillary structures 1058 project from the
end surface 1054 of the bulk conductor layer 1026 of metal-
1zed via 1022. The capillary structures 1058 can be of a
flexible material such as polyimide or the like and can be of a
material that 1s heat resistant up to at least the intended weld-
ing temperature of the bond portion 1030. The capillary struc-
tures 1058 can be spaced apart on end surface 1054 such that
the bond portion 1030 can make an adequate electrical con-
nection with the metalized via 22. Further, the capillary struc-
tures 1038 can be of a suificient size and density such that the
surface tension of the bond portion 1030, when melted, main-
tains the general shaped desired for bond portion 1030 and a
resulting alloy mass. Accordingly, bond portions 1030 can
generally be formed that have higher bonding temperatures
than those of bond portions of similar compositions without
capillary elements. Any flexibility of capillary structures
1058 can make the capillary structures resistant to breaking or
the like under pressure between elements during assembly
thereol. The capillary structures 1058 can be formed by
depositing a polyimide layer over a seed layer 1034 and then
patterning the polyimide layer into the desired shape and
density of the capillary structures 1058 and to expose the seed
layer. Further, the presence of the seed layer 1034 can mini-
mize the formation of intermetalic structures within the bulk
conductor 1022.

Although the description herein has been made with refer-
ence to particular embodiments, 1t 1s to be understood that
these embodiments are merely 1llustrative of the principles
and applications of the present disclosure. It 1s therefore to be
understood that numerous modifications may be made to the
illustrative embodiments and that other arrangements may be
devised without departing from the spirit and scope of the
present disclosure as defined by the appended claims.

The mvention claimed 1s:

1. A microelectronic assembly, comprising:

a first substrate having a surface and a first conductive

element;

a second substrate having a surface and a second conduc-

tive element; and

an electrically conductive alloy mass joined to the first and

second conductive elements, wherein the conductive
alloy mass includes a first material, a second material,
and a third matenial, the third material selected to
increase the melting point of an alloy including the third
material and at least one of the first material or the
second material, wherein a concentration of the first
material varies from a relatively higher amount at a
location disposed toward the first conductive element to
a relatively lower amount toward the second conductive
element, wherein a concentration of the second material
varies 1n concentration from a relatively higher amount
at a location disposed toward the second conductive
clement to a relatively lower amount toward the first
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conductive element, and wherein the third material has a
highest concentration at a location between a first high-
est concentration of the first material and a second high-
est concentration of the second material.

2. The assembly of claim 1, wherein at least one of the first
or second substrates 1s of at least one of a semiconductor
material or a dielectric material.

3. The assembly of claim 1, wherein the alloy mass has a
thickness of less than five microns.

4. The assembly of claim 1, wherein the concentration of at
least one of the first or second materials varies monotonically
from the relatively higher concentration to the relatively
lower concentration.

5. The assembly of claim 1, wherein the third material
includes at least one of copper, nickel, tungsten, cobalt, phos-
phorous, palladium, boron, gold, or silver.

6. The assembly of claim 1, wherein the location of the
relatively higher concentration of the first material 1s adjacent
the first conductive element.

7. The assembly of claim 1, wherein each of the first and
second materials has a melting point of less than 200° Cels1ius
in a state unalloyed with the third matenal.

8. The assembly of claim 7, wherein one of the first and
second materials has a melting point of less than 50° C.

9. The assembly of claim 1, wherein the melting point of
the alloy formed with the third material and at least one of the
first material or the second material has a melting point that 1s
at least 30° C. higher than the melting points of the first and
second materials.

10. The assembly of claim 1, wherein the first material 1s a
different material than the second material and the first and
second materials include materials at least one of tin, indium,
or gallium.

11. The assembly of claim 1, wherein the first conductive
clement includes a bulk conductor mass, the conductive alloy
mass overlying the bulk conductor mass, and wherein a por-
tion of the first material 1s diffused into the bulk conductor
mass.

12. The assembly of claim 11, wherein the first conductive
clement further includes a barrier layer overlying the bulk
conductor mass, the conductive alloy mass bonded to the
barrier layer.

13. The assembly of claim 1, wherein the first substrate
includes a first support matenal layer of at least one of semi-
conductor or dielectric material, the support material layer
defining the surface of the first substrate, and wherein the first
conductive element 1s a metalized via extending through a
portion of the first support material layer and being exposed at
the first surface.

14. The assembly of claim 13, wherein a portion of the
metalized via 1s positioned outside the first support material
layer.

15. The assembly of claim 14, wherein the second element
includes a second support material of at least one of a semi-
conductor or dielectric material and layer defining the surface
of the second element, wherein the second conductive ele-
ment 1s a metalized via extending through a portion of the
second support material layer with at least a portion of the
second element at the surface, and wherein at least a portion
of the conductive alloy mass 1s disposed withuin the second
support material layer.

16. The assembly of claim 1, wherein the first and second
conductive elements each have widths of less than 25 microns
at respective bonding interfaces with the conductive alloy
mass.
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17. The assembly of claim 1, wherein the first and second
conductive elements each have widths of less than 3 microns
at respective bonding interfaces with the conductive alloy
mass.

18. The assembly of claim 1, wherein the first conductive
clement includes a plurality of first conductive elements, the
second conductive element includes a plurality of second
conductive elements, and wherein a plurality of conductive

alloy masses are joined between respective ones of the first
conductive elements and the second conductive elements.

19. The assembly of claim 18, wherein the first conductive
elements each have a width, and wherein the first conductive
clements are respectively spaced apart from each other 1n a
lateral direction at a pitch that is less than the width of the first
conductive elements.

20. The assembly of claim 1, wherein the first conductive
clement includes a plurality of capillary structures extending
in a direction towards the second element, the conductive
alloy mass surrounding and being joined to at least some

individual capillary structures of the plurality of capillary
structures.

21. The microelectronic assembly of claim 1, wherein the
first element includes a substrate defiming the surface of the
first element and extending 1n lateral directions, the first con-
ductive element being in the form of a post extending away
from the surface.

22. The microelectronic assembly of claim 1, wherein the
first element further includes a microelectronic element elec-
trically connected with the first conductive element.
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23. A microelectronic assembly, comprising:

a first substrate defining a surface and having a first element

formed therein;

a second substrate defining a surface and having a second

element formed therein; and

an alloy mass joined to the surfaces of the first and second

clements, wherein the alloy mass includes first, second,
and third materials, wherein a concentration of the first
material varies concentration from a relatively higher
amount at a location disposed toward the first element to
a relatively lower amount toward the second element,
wherein a concentration of the second material varies 1n
concentration from a relatively higher amount at a loca-
tion disposed toward the second element to a relatively
lower amount toward the first element, wherein the third
material has a highest concentration at a location
between a first highest concentration of the first material
and a second highest concentration of the second mate-
rial, and wherein a melting point of the alloy mass 1s
greater than a melting point of the first material 1n an
unalloyed state and greater than a melting point of the
second material in an unalloyed state.

24. The assembly of claim 23, wherein the conductive alloy
mass surrounds an internal volume defined between confront-
ing portions of the surfaces of the first and second elements.

235. The assembly of claim 24, wherein the internal volume
1s hermetically sealed.

26. The assembly of claim 23, wherein the first and second
clements respectively include first and second conductive
clements that define portions of the surface of the first and
second elements to which the conductive alloy mass 1s joined.
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It is certified that error appears in the above-identified patent and that said Letters Patent is hereby corrected as shown below:

In the Drawings

Please replace Fig. 16 - Fig. 23 with Fig. 16 - Fig. 23 as shown on the attached pages.

In the Specification

Column 6, Line 42, “the opening 48 should read --the opening 23--.

Column 6, Line 44, “the opening 48 should read --the opening 23--.

Column 6, Line 48, “within opening 48 should read --within opening 23--.

Column 7, Line 2, “join packages™ should read --join elements--.

Column 9, Line 11, “copper shown 1n”” should read --copper shown along line 76 in--.
Column 9, Line 31, “support layer” should read --support material layer--.

Column 10, Line 33, “include a seed 44 layer” should read --include a seed layer 44--.
Column 10, Line 57, “surfaces 29 should read --surfaces 28--.

Column 11, Line 39, “protective layers 36 and 46” should read --protective layers 38 and 48--.
Column 12, Line 2, “layers 38 and 44" should read --layers 38 and 48--.

Column 14, Line 5, “to make bond portions™ should read --to make a bond portion--.
Column 14, Line 16, “surface 28" should read --surface 128--.

Column 14, Line 36, “package 212" should read --element 212--.

Column 14, Line 46, “recessed vias 22" should read --recessed vias 322--.

Column 14, Line 48, “portions 330 and 304" should read --portions 330 and 340--.

Column 14, Line 50, “assembly 410" should read --assembly 410 joining elements 412 and

414 together,--.

Column 14, Line 61, “or 646 can’ should read --or 646 of the element 612 can--.

Column 14, Line 61, “beneath surface 529 should read --beneath surface 628--.

Column 14, Line 63, “538 or 548 should read --638 or 648§--.

Column 14, Line 63, “surface 528. FIG. 22 shows a’” should read --surface 628. FIG. 22 shows another

element 712 with a--.

Signed and Sealed this
Fifteenth Day of August, 2017
R S o N
L A L S
Joseph Matal

Performing the Functions and Duties of the
Under Secretary of Commerce for Intellectual Property and
Director of the United States Patent and Trademark Office
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Column 14, Line 67, “variation within” should read --variation of an element 812 within--.

Column 15, Line 6, “alternative example,” should read --alternative example, element 912 1n--.
Column 15, Line 11, “reinforcing structure to”” should read --reinforcing structure within the element
1012 to--.

Column 15, Line 39, “conductor 1022 should read --conductor 1026--.

Column 15, Line 58, “increase the” should read --increase a--.

In the Claims

Column 16, Line 12, “higher concentration™ should read --higher amount--.

Column 16, Line 13, “lower concentration’ should read --lower amount--.

Column 16, Line 19, “higher concentration” should read --higher amount--.

Column 16, Line 19, “of the first material” should read --of the material--.

Column 16, Line 29, “higher than the melting” should read --higher than melting--.
Column 16, Line 47, “the support” should read --the first support--.

Column 16, Line 55, “the second element™ should read --the second conductive element--.
Column 17, Line 19, “second element, the conductive™ should read --second conductive element, the
electrically conductive--.

Column 17, Line 26, “being in the form” should read --being in a form--.

Column 17, Line 29, “first element” should read --first conductive element--.

Column 18, Line 22, “wherein the conductive alloy” should read --wherein the alloy--.
Column 18, Line 30, “which the conductive alloy” should read --which the alloy--.
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